Abstract. The aim of this research was to define the optimal kinematic parameters of performance of the Clear hip circle to handstand on uneven bars (KOVT
INTRODUCTION
Uneven bars are one of four apparatus in women's gymnastics where continuous swinging and giant movements are predominant. Exercises are the smallest movement structures, interconnected with a competitive combination of compositions which gymnasts present to the judges during competitions. Judges define errors in movement and evaluate exercises based on subjective observations and prescribed rules. Model assessment which is provided by the Code of Points refers to an implementation model performance in gymnastics. Any deviation from this model means breaking a rule that is sanctioned with the loss of a certain number of points for a mistake that can be aesthetic or technical in nature. The kinematic analysis of a certain kind of movement is becoming more and more frequent in artistic gymnastics; particularly as the obtained information enables a more rational and economical instruction of the analyzed movement (Brueggemann, Cheetham, Alp, & Arampatzis, 1994; Takei, & Dunn,1996; Kolar, Andlovic -Kolar, & Štuhec, 2002; Tsuchiya, Murata, & Fukunaga, 2004) . When it comes to the uneven bars, it should be noted that it is necessary to fully explore the techniques, primarily, of the basic movement. Movement on the bars is predominantly executed using two planes; movement in the sagittal plane such as the giant swing where the axis is the horizontal bar, and turning movements that occur in the transverse plane where the axis extends through the centre of the gymnast's body from the top of the head through to their feet (Pidcoe et al., 2011) . The Clear hip circle to handstand is a basic movement pattern in gymnastics. The Clear hip circle to handstand on uneven bars was classified in the Code of Points (2005 Points ( -2008 as a group of exercises with a "B" value, with circular movements as a "specific request" that the structure of the composition of the gymnast's performance requires.
A few research papers have offered a kinematic analysis on the uneven bars. Alekperov (1987) analyzed the performance technique and came to the conclusion that kinematic parameters allow overleaps to the bar with bent hands, but today this represents a mistake in performing this exercise. To overleap the bar, Alekperov believes that the height of the center of gravity of the body (TT) at the moment of the reach should be at 100 cm, which requires initial flight speed of 4 m/s. Prassas (1994) studied the dynamics of forward swing skills and the back toss on the parallel bars. Also George (1980) set the ideal model of clear hip circle to handstand on the uneven bars and later at the World Championship in 1979 carried it out in practice. The ideal model provides a 3-phase technique, but the application model confirms the 3-phases of the technique with different kinematic parameters (Petković, with 2-D video system analysis. Prassas (2002) systematized all the biomechanical studies that have been carried out in Men's and Women's Artistic gymnastics. Veliĉković (2005) investigated the difference between good and bad execution of the Basket to Handstand on the Parallel bars. The participant in the study was the European and world champion on the Horizontal bar, the Slovenian Mitja Petkovšek. A kinematic analysis enabled the identification of four clearly defined stages in the movement: 1) the Upswing from a handstand, 2) Decline in back to ascend higher, 3) in Front ascend higher, 4) Decline to a handstand. The studies of ; Veliĉković et al. (2005) , have confirmed the 4-phase structure of this exercise on the Parallel bars. Hiley (2012) said that optimisation criteria must reflect the performance outcome rather than the amount of effort required. When optimising technique, minimising effort or joint torque is often used as the basis of the score (or cost function). The increase of the objectification level ranges from pedagogical criteria to biomechanical ones. That is why the biomechanical criteria are used for dividing the gymnastics elements into parts. The technical structure of gymnastics elements contains three levels -periods, stages and phases (Suchilin, 2010, 5) .
The aim of this research was to define the kinematic parameters of the clear hip circle to Handstand on the uneven bars. The exercise was performed at the 39 th and 40 th World Cup in Artistic gymnastics in Maribor (SLO). The research has defined the kinematic parameters of the optimal model of fifteen female finalists of the 39 th and 40 th World Cup in Artistic gymnastics in Maribor (SLO). The kinematic model of the performance of the clear hip circle to handstand on the uneven bars is a case study with the optimal definition of the kinematic parameters of fifteen female gymnasts. The optimal kinematic model defined in this case study represents an example of the successful performance of the clear hip circle to Handstand on the uneven bars.
METHODS
This study has a kinematic character and it included data recorded in competitions on the World Cup Series on the uneven bars in Maribor (SLO). The main method in this research was kinematic and the additional was statistical. The kinematic method determined the mean value of the trajectory and speed of movement of the referent points during the execution of KOVT. The statistical method included a multivariate analysisintercorrelation matrix of the trajectory of the foot. The research method is a set of procedures used to achieve the objective of defining a kinematic model of the basic techniques of performing gymnastic exercises on the uneven bars. (n=8, female, born in 1988-1991, mean age: 17.5±6 months) . The sample of measuring instruments that we used consisted of a set of kinematic parameters which are calculated on the basis of the 8-segment anthropometric model (Foot, Ankle, Knee joint, Hip joint, Wrist, Elbow joint, Shoulder joint and Head -EXT). The center of gravity (CG) of the body (TT) was calculated based on the model presented by Winer (1991) . Our analysis only took into account the points and segments of the right side of the body, because the speed of the body was the same and for the analyzed exercise, and priority had been given the side that was closer to the camera objectives. The Ethics Committee of the Faculty of Sport, University of Ljubljana approved all experimental procedures according to the revised Declaration of Helsinki. Data processing was carried out according to the standards of the Ariel Performance 3D Video System (APAS) used for kinematic analysis, which included 16 reference points conducted through several phases: frame grabbing, digitalization of the recorded videos and the reference points of the body, transforming the three-dimensional space, data filtering and the calculation of kinematic quantities. Gymnastics routines on the uneven bars were recorded by two digital cameras DVCAM SONY DSR -300pk that were located to the left and right sides' reconciliation at a right angle (90 0 ) relative to the axis that is normal to the direction of movement of the gymnasts and which passes through the middle of this apparatus (between the lower and higher bars) and rotation axis. The frequency of the camera was 50 Hz. The cameras were synchronized to each other's internal synchronous system. All of the movements were performed in the same direction. As the element performed on the uneven bars had the characteristics of a 2D movement, there was no significant movement along the mediolateral (z) axis. Before the recording during the competition, in order to define the field of measurement and to take precise calibration of space, there were tree frames of reference (2x1m3) leveled on the bars. Since the exercise was performed on the uneven bars, and the gymnasts performed on the lower and upper Bars, on the right or left side of the Bars, it was necessary that the different starting positions of the competitors be brought to the same level, i.e. the same starting position, so that a moderate space could be processed by the APAS program. The moderate space required that everything should be altered so that the first gymnast could represent an absolute space. The exercise performed by Mayer, S. (AUT) at the 39 th World Cup was the basis for the absolute zero height and length for all other performed clear hip circles to Handstands on the uneven bars -the exercises performed by other gymnasts were moved into this absolute space. All of the performed exercises were moved so that the center area was in the axis of rotation. Phase I -Control gravity phase -Upswing from a handstand position to balance the resistance front. Phase II -Gravitational phase begins when the starting point of the shoulders moves back from the position of the balance and lasts until the point of the shoulder pass below the vertical line (position of the front pike hang). The gymnast ends this phase in the 36th position when the body begins the circular movement i.e. the eccentric decline (Popov, 1986) . The aim of the movement at this stage is to accumulate large amounts of kinetic energy and this phase is called the accumulation phase (Smolevski, in Petković, 2009) . Phase III -Lower vertical passing begins by passing through the lower point of the shoulder vertical and lasts until the moment of relief from the bar and stretching the shoulder joint and hip. The gymnast completes this stage at the 46 th position. This phase is characterized by a negative effect of gravity, which gradually slows down the movement (antigravity direction). After passing the verticals, the angle of the shoulder joints starts to increase. In the position when the shoulder is approximately at the level of the bar and the feet are above the head, moving the feet -the caudal part of the body is interrupted, creating a position to actively transfer momentum from the legs to the torso allowing a suitable condition for the extensors in the shoulder joint. Performance in this phase is easier because of the elastic properties of the Bars. When moving in a gravitational direction, the central part of the grip moves in the downward direction, while moving in the anti-gravitational direction returns it to the original position. Phase IV -Swing to Handstand position -when the benefits of all the accumulated energy in order to perform certain movements of the support phase are achieved. Stretching the body ends with the re-grasp of the bar, after which the body is short and apparently stops and then continues to move by inertia. 
DISCUSSION
The optimal kinematic model defined in this case study represents an example of the successful performance of the clear hip circle to Handstand on the uneven bars. "Biomechanical research in artistic gymnastics can be performed using both biomechanical methods and methods taken from other fields of knowledge (pedagogical, mechanical, physiological, psychological, medical ones, etc.), mainly intended to highlight the features of movement on various apparatus by selecting the means of data recording, processing and analysis" (Potop, 2014) .
The results of this research contributed to the definition of the theoretical model, which requires four phases. The clear circle technique was predicted by minimising peak joint torque at the shoulder and hip using a simulation model (Hiley & Yeadon, 2013) .
Phase I -Control gravity phase begins from a handstand position and ends at the moment of reaching the position of the balanced handstand, when the shoulder deviation reaches the maximum position forward (in the 16 th position when the axis of the shoulder joint forms an angle with the center of the support grasp). The handstand position on the uneven bars is an unstable type of balance, considering the fact that two fundamental forces, the resultant force vector of the muscles and the force of gravity, are taken out of the previous equilibrium effects. The characteristic of the upswing is that after the movement, two pendulum systems are created (Veliĉković et al., 2011) -the hanging pendulum and the supported pendulum. The first system that controls the body and legs while 'falling down' by rotating around the axis that is drawn through the center of the shoulder joint. In this system the position of the foot moves backwards, decreasing the angle between the torso and the legs. Another system that is made up of the arms and shoulders moves forward and the motion slows down. Since the beginning of the movement until the end of Phase I, the trajectory point of the shoulder and the vertices is strictly horizontal (no change in the value of the y-axis). The focus of the body gradually descends downwards (only the vertical trajectory -already shown in the analysis of the trajectory on the x-axis). The tops of the feet also reduce the value of the trajectory along the y-axis or significantly steeper trajectory. The match trajectories point of the shoulder, foot and center of gravity comes into a position where the shoulder ends its movement forward (the mean of the matching trajectory is in the 10 th position with a value of 0.500 m), the position of the body is as in Figure 4 Fig 5c) . The crossing points of the trajectory of the shoulders and tops of the feet with the successful developments are realized in the period of movement when the value of the y-axis is very close to zero with one hand and with the other observed point. If this crossing occurred in some other values on the y-axis (significantly different from zero), the system would probably not be able to keep the central movement (Fig 5d) . In real terms this crossing is formed in the 27 th position with average values of the trajectory from -0.023m to 0.030m. After crossing two points, the value of the trajectory of the foot increases and has positive values (Figure 5e In Figure 5f , it can be seen that phase III is formed between the 37 th and 46 th position. In the Phase III the body of the gymnast must be extended in all the joints to be able to act according to the biomechanical principle of the transfer of momentum from the open part of the kinetic chain (leg) on the closed section (trunk), which is the continuation of the movement taking place, against the gravitational force that tends to return the body down. At this stage, all the points start a translational movement on the y-axis upwards. Figure 5f shows the trajectory of reference points and all the points when starting a translational movement on the y-axis upwards (from the start of phase III they are directed upwards), or in stage IV travel up due to the transfer momentum to a closed part of the kinetic chain. The movement may be stopped due to insufficient stretching in all the joints and contractions in certain joints (the hip or elbow).
Fig. 6 Velocity of referent points in the xy-plane for KOVT;
CG -center of gravity, Ext -Head Figure 6 presents the velocity of the referent points in the xy-plane for KOVT. From the Figure it can be seen that during phase I the speed and velocity of the foot and center of gravity are increasing. The maximal value of the foot velocity is reaching at position 17 (V foo t=11.6 m/s). By the end of phase I the speed velocity of the center of gravity reaches its maximal value (V CG =2.4 m/s). Velocity of the foot decreases from position 17 up to position 38, when it increases again but not as much. Velocity of the center of gravity is moving slower up to position 22 when it increases up till the end of phase III. Another system that is made up of the arms and shoulders and CG moves forward and the motion slows down, reaching minimal values at position 12 (Fig 11) . At phase II the velocity of referent points of the shoulder (V SHOLDER = 6,3m/s) and head (V EXT = 9,2m/s) reach maximum speed and then they decrease up to the end of movement.
The statistical method included a multivariate analysis -intercorrelation matrix of the trajectory of the foot along the y-axis for KOVT. Table 1 High values of the trajectory of the foot along the y-axis (.778 -.998) were obtained for the intercorrelation of the kinematic parameters (Table 1) . Their intercorrelation is large, the significance level is 0.01 and with a 1% risk factor the connection between the trajectories of the foot between the gymnasts who performed the Clear hip Circle to Handstand along the y-axis. Table 2 presents the movement speed of the foot along the y-axis of the gymnasts who performed the clear hip circle to Handstand on the uneven bars at the 39 th and 40 th Word Cup in Maribor (SLO). Table 2 presented the optimal values for movement speed in the xy-axis (.514-. 994). Their intercorrelation is range, from an average to large correlation. The significance level is 0.01 and it can be interpreted with a 1% risk factor of connection of the movement speed between the gymnasts who performed the Clear hip Circle to Handstand in the xy-plane.
An analysis of whether the limits of the final score of every female gymnast from the competition are competitive on the UB cannot be done without determining the most important position in the successful performance of KOVT techniques. The final score that was been given to the female gymnasts were: Mayer (12.100), Erceg (13.500), Gombas (12.200), Pechancova (12.750), Paulickova (11.050), Han (14.300), Briand (12.500), Roberts (12.650), Millousi (13.050), Delladio (12.600), Tijmes (12.300), Golob (10.350), Urvikko (11.350) . Based on Figure 7 and expert assessment we determined the most important positions in the technique KOVT. In the first phase, the most important positions are the 21 st and 28 th , because they are the positions where the trajectories of the studied points intersect. Positions 21 and 28 are interesting as they represent the position in which the range of the examined parameters are the greatest. Position 29 has been chosen to determine the significance of any differences, the same as position 43 and 48. Fig. 7 Graph of the trajectory of the y-axis of foot movement trajectory Tables 3-6 have shown the influence of the examined parameters on the final score. These tables presented the results of the multivariate regression analysis. We used a multivariate regression analysis to determine the significance of the influence of the relevant kinematic parameters and the final grades of the gymnastics. The statistical analysis (Table 3 -6) did not determine any significant correlation between the scores that the gymnasts received in the finals of the competitions and expert positions in the technique of performing the KOVT. This has a significant influence on the styles in the successful performing of this basic element. Based on the significance coefficient p≤ 0.01, we find that there is no statistical significance of the selected kinematic parameters in expertly assessed positions for the final score. The influence of kinematical parameters on the performance which are presented by the final score has been explained by the size of the multiple correlation. The influence ranges from 0.703 -0.728. The coefficient of determination estimates the variability of the phenomenon or the percentage contribution of the kinematics parameters to the success of the performance. The coefficient of determination ranges from 49.4% -53%.
For a performed skill, Lees (2002) suggested that technique can be categorised into different styles, general or specific; both of which would influence the selection process. In addition to this, technique selection can be dictated by the technical requirements of a skill and the physical characteristics of the performer. Different styles of exercise technique depend on several parameters, and the most important are the body height and weight of the gymnastics and the speed-muscular properties of the technique of performance. The particularity of the style of the technique is also the specialty of the gymnastics skill.
Practical applications of this research contributed practical values of the kinematics parameters that lead to the successful execution of the technique KOVT through four phases ( The starting position of movement of the Center of gravity range in the first position has a minimal value 0.733m, maximal value 0.925m, and the average value is 0.806m (Fig. 8) . By the end of the first phase, in the 16 th position, the range of the values of the parameter of the Center of gravity of the gymnast's body is from 0.180m -0.393m; the average value of this case study is 0.273m. By the end of the second phase, in the 36 th position, the range of the value of the parameter of the Center of gravity of the gymnast's body starts from -0.288m to -0.418m; the average value for passing the 36 th position in the -0.357m. At the end of the third phase, in the 46 th position minimal value 0.311m to maximal value of 0.436m, and average 0.368m. By the end of the fourth phase, all values increased slightly.
Practical applications of this research contributed to the practical average values of the kinematic parameter -center of the gravity of optimized value of a female gymnast's body that lead to the successful execution of the technique KOVT through four phases. The starting position of movement of the Center of gravity ranges in the first position with an average value of 0.806m. In the 16 th position, when the first phase ends, an average value of this case study is 0.273m. By the end of the second phase, the average value of the passing 36 th position in -0.357m. At the end of the third phase, in the 46 th position the average value is 0.368m, till the end of the movement, when all values have increased slightly.
CONCLUSION
The biomechanical analysis highlighted the characteristics of the key positions and the influence of the biomechanical indicators on the technical execution. The Clear hip circle to Handstand belongs to a group of basic movement and it is necessary to practice this technique for performing many other complex gymnastic exercises on the uneven bars. A kinematic model defined in this way as a case study will promote the process of creating a methodological training procedure which should facilitate the process of learning exercises through the analysis of individual phases. Information given in the form of a case study could optimize the performance of other young gymnasts at all levels of performance. The statistical analysis did not determine the significant correlation between the scores that the gymnasts received in the finals of competitions and expert positions in the technique of performing the KOVT. This has a significant influence on the styles in the successful performing on this basic element. This case study defines the necessary parameters of the successful implementation of the KOVT. Optimizing the technique of successful performance of the KOVT is important for detecting different styles of technique that occur in female gymnasts. 
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